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Abstract 
Conventional two-layered thermal barrier coatings (TBCs) are prepared by electron beam physical vapor deposition (EB-PVD) 
with ZrO2-8 wt% Y2O3 (8YSZ) as top coat and CoCrAlY as bond coat on disk-shaped Ni based super-alloy. In this paper, three kinds of 
shot peening process with different lengths of operating time were adopted for bond coating. As a result, changes took place in its sur-
face roughness and the surface micro-hardness. A thermal cycling test at 1 273 K×55 min and another at room temperature for 5 min 
were performed to study the effects of shot peening process on the thermal cycling lifetime of TBCs. It is found that a moderate shot 
peening process will be able to prolong the life time. The oxidation dynamic of the as-processed TBCs basically accords with the para-
bolic rule, and the oxidation test also attests to the spallation between YSZ and thermal growth oxide (TGO) responsible mainly for the 
failure of TBCs. 
Keywords: thermal cycling lifetime; shot peening; thermal barrier coatings (TBCs) 
1 Introduction* 
It is well known that the manufacturing process 
is one of the critical factors in determining thermal 
cycling lifetime of thermal barrier coatings (TBCs), 
particularly for the TBCs produced by EB-PVD. 
High-temperature oxidation resistance and hot-   
fatigue performances of TBCs can be greatly im-
proved by optimizing the process parameters, such 
as those for shot peening. However, there exists a 
lot of arguments about the effects of shot peening 
process on thermal cycling lifetime of TBCs[1-5]. 
These different opinions were probably induced by 
an insufficient understanding of the role of surface 
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modification by shot peening, but, today, the pa-
rameters that control the outcomes of shot peening 
inclusive of its media, intensity and coverage have 
been better clarified and the new designation has 
emerged[6].  
This paper is aimed at studying the effects of 
surface modification of bond coat by shot peening 
process on the thermal cycling lifetime of TBCs on 
the ground of evaluation of oxidation mechanisms 
of bond coating at high temperatures. 
2 Experimental Procedure 
Disk-shaped specimens of Ni-based super-alloy 
each Ø22 mm×1.5 mm thick were used as the sub-
strates, which a Co-20Cr-11Al-0.8Y coat about   
50 μm thick was deposited on by means of EB-PVD. 
Before producing the ZrO2-8 wt% Y2O3 topcoat, the 
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surface of the deposited bond coat was processed by 
shot peening. During the peening, shots of Al2O3 
300 μm in diameter impinged upon specimen sur-
faces at an air pressure of 0.2 MPa and a working 
distance of 280 mm. This was followed by deposit-
ing another 8YSZ coat about 65 μm thick on the 
bond coat with EB-PVD. After that, the specimen 
was heat-treated in air for 2 h at 973 K and again 2 
h at 1273 K. 
Thermal cycling tests were performed in air by 
cyclically heating the specimens at 1 273 K for 55 
min followed by forced air cooling for 5 min. 
Weight changes of the specimens during cyclic oxi-
dation tests were determined by a BS 224 thermal 
analytical balance. Microstructures of the coated 
specimens were identified by a scanning electron 
microscope (SEM) equipped with energy dispersive 
spectroscopy (EDS). Micro-harnesses across the 
coat thickness were measured by a HX2-1000 digi-
tal micro-hardness tester with a load of 200 g. Sur-
face roughness of the bond coat was recorded by a 
TR 100 surface roughness tester. 
3 Results and Discussion 
Table 1 shows the measured micro-hardness 
and surface roughness of the bond coat after differ-
ent shot peening cycles. Compared to the one with-
out shot peening treatment, the specimens after shot 
peening processes show higher values of mi-
cro-hardness. Because a large compressive stress is 
generated in the coatings by shot peening, an in-
creased micro-hardness results. The reason shot 
peening gives rise to a larger micro-hardness is that 
when hard shots impinge upon specimens, the im-
pact energy is large enough to make the specimens 
undergo local plastic deformation and upon rebound. 
The rest of the elastic material thereby pushed the 
plastically deformed zone resulting in compressive 
stresses which, consequently, improve the resistan-
ceto the motion of dislocation[7], thus causing in- 
Table 1  Micro-hardness and surface roughness of the 
bond coats 
Cycles of shot peening 0 2 3 4 
Micro-hardness Hv 508.2 675.7 836.1 1 027.6 
Surface roughness 
Ra/μm 
2.64 1.38 1.09 1.28 
creases in the micro-hardness in the surface layer. 
The surface roughness of the specimen without 
shot peening, around 2.6 μm, is higher than that of 
the specimens after peening processes. The surface 
layer of the as-deposited bond coat has a porous 
appearance, as shown in Fig.1(a), while the surface 
after shot peenings looks apparently denser and 
smoother. After 2 cycles of shot peening, the surface 
roughness Ra reduced to 1.38 μm and further down 
to 1.09 μm after 3 cycles. As an important parameter 
reflecting the performance of shot peening, the cov-
erage of the surface after 2 cycles of peening fails to 
reach an overlapping rate of 100% having residual 
stresses in the form of bulges or ridges in those 
un-peened regions, as shown in Fig.1(b). Only after 
3 cycles there is produced an overlapping rate of 
nearly 100%, characterized by a smooth surface, as 
showed in Fig.1(c). Although 4 cycles are capable 
of attaining an overlapping rate more than 100%, 
the shots are too ready to break into angular-shaped 
fragments. When these irregular fragments impinge 
upon the surface, a great number of sharp notches 
might emerge and coarsen it, as shown in Fig.1(d). 
Moreover, usually sharp notches are inclined to 
form an abnormal TGO layer or voids beneath it 
which leads to higher stress concentration. There-
fore, more than three shot peening cycles are not 
generally desired because it might exert negative 
influences on thermal cyclic lifetime of EB-PVD 
TBCs. 
 
Fig.1  SEM surface images of the Ni based super alloy 
coated with CoCrAlY after (a) 0 cycle; (b) 2 cycles; 
(c) 3 cycles and (d) 4 cycles of shot peening. 
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Exposed at 1 273 K for 60 h, the specimens af-
ter 2 and 3 cycles of shot peening show a weight 
gain of only about 0.344 mg/cm2, as shown in Fig.2. 
This indicates the excellent oxidation resistance in 
the possession of both specimens[1]. After 60 h ex-
posure, both specimens gain significant weight in-
creases that could be attributed to accelerated oxi-
dation of TBC due to the cracking of TGO. Note 
that the specimen after 2 cycles of shot peening ob-
tains a higher weight increase than the others. 
 
Fig.2  Dynamic oxidation curves for TBCs after 2 cycles 
and 3 cycles of shot peening. 
The TBC specimen after 3 cycles of shot 
peening possesses a satisfactory lifetime up to 1 643 
cycles at 1 293 K. Fig.3 shows the micrographs and 
their related EDS maps of a cross section of the 
TBC. It is clear that delamination cracking occurs at  
 
Fig.3  Micrographs and their related EDS maps of Zr, Cr, O, 
Al and Co of a cross section of the TBC after 3 cy-
cles of shot peening, showing the delamination fail-
ure after 1 643 cycles at 1 293 K. 
the interface between the bond coat and TGO. Usu-
ally, the energy density in the TGO and the imper-
fections in the TGO vicinity are considered to gov-
ern thermal cyclic lifetime of TBCs. Compressive 
stresses in the TGO around interface imperfections, 
caused by TGO growth and thermal expansion mis-
fit, could cause cracking within the TGO layer once 
they exceed a certain value. Since then, coalescence 
of these cracks results in a separation large enough 
to turn out large scale spallation[1]. 
4 Conclusions 
The surface of EB-PVD bond coating is able to 
be modified by a moderate shot peening processing. 
A compacted bond coat with smooth surface 
achieved after 3 cycles of shot peening enables TBC 
to have a satisfactory thermal cycling lifetime of   
1 643 cycles at 1 293 K. 
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